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CHAPTER I 
INTRODUCTION 
AND 
STATEMENT OF THE PROBLEM 
1 
It is known that the salivary concentration of potas-
sium is relatively high, and that of sodium relatively low, 
when compared to that normally found 1n extracellular fluids. 
~resent in saliva 1s a starch splitting enzyme, alpha-amylase. 
A similar enzyme is also secreted by the pancreas. The 
pancreatic secretion has a so~1um-potassium content dis-
similar to that of saliva. This leads to the question, does 
the difference in sodium and potassium concentration of 
the two body fluids appreciably affect the amylolytic ao-
tivi ty of the salivary and pancreatic amylase respectively? 
Are their activities enhanced or decreased as the concentra-
tion of the cations vary? Does the pancreatic amylase react 
in a manner similar to salivary amylase? Can a valid com-
parison be made? 
These were some of the questions that prompted this 
investigation. It was decided to determine some of the 
effects of sodium and potassium concentrations on the enzymio 
activity of salivary and pancreatic alpha amylase. 
The cation concentrations would be varied considerably 
2 
but all other conditions were to remain as constant as could 
be possible. The pH of the starch was to be kept constant. 
All times and temperatures were to remain constant. All 
volumes and concentrations of the substrate and enzyme were 
also to remain constant. These constraints were applied 
to the salivary enzyme as well as the pancreatic enzyme. 
Pure pancreatic amylase was compared to a crude salivary 
amylase which was un-purified. It was felt that complete 
purification of the salivary enzyme was not absolutely 
necessary for good results, as one of the objectives was to 
maintain to some degree the status quo of the oral environ-
• 
ment. This would have been attempted with the pancreatic 
amylase but none was available and 1t was necessary to 
• 
purchase the purified form of the enzyme. 
CHAPTER II 
REVIEW OF THE LITERATURE 
A review of the literature provided much useful in-
formation from which to proceed. 
Omori (1931) found that the activation of the salivary 
amylase by chloride ions was due to a binding of the anions, 
which he demonstrated by means of electromotive force.measure-
ments as well as by conductivity determinations. 
Giesberger (1934) had experimental evidence purporting 
to show the presence of beta-!UD-Ylase in whole saliva, although 
other reports have asserted that this enzyme is not present 
in saliva, (Meyer et al., 1950) or in animal sources general-
ly (Bernfeld, 1951). 
Clifford (19)6) found that chlorides, bromides, and 
iodides of lithium, sodium, potassium, ammonium, magnesium, 
oalcium,and barium hasten the hydrolysis of starch by sal-
ivary and pancreatic amylases. The relative potencies are 
in the order: chloride, bromide, iodide, fluoride. Sodium, 
potassium, and ammonium fluorides do not hasten amylolyt1c 
action, and at higher concentrations the latter two salts 
inhibit. 
Amylase is secreted primarily by the parot1d gland, 
4 
though small quantities may also be secreted by the sub-
maxillary and sublingual glands, and it has been stated that 
the secretions by the latter two glands can compensate to a 
certain extent for a lack of secretion by the parotid gland. 
Bauer and Martin (1948) state that the activity of 
salivary amylase could be expressed in terms of digestion 
time. They found that the activity of salivary amylase was 
not the same in all persons and that the variation could be 
considerable. A slight variation was shown in amylolytic 
activity in salivary samples from the same person but col-
lected on different days. Activity was also higher when 
• 
collected after eating than at any other time. 
Meyer et al. (1948) prepared crystalline amylase from 
saliva. The crystals were extremely insoluble in water at 
neutral pH, but dissolved readily at pH 11 without loss of 
enzymic activity, It was found that human saliva contained 
approximately 0.4 gram amylase per liter, 1.e., 12 percent 
of the total amount of organic material. 
Bernfeld and Field (1948) isolated the alpha-amylase 
of swine pancreas, human saliva, and Bacillus subtilis in 
pure crystalline state. Their respective solubilities are 
different, they crystallize differently, and the pH of op-
t1mum act1v1ty varies. The ratio of sacoharogen1c versus 
dextr1nogen1o activity for amylases isolated from swine 
5 
pancreas, human pancreas, human saliva, Bacillus subtilis, 
and from fortified malt was compared and found identical. 
Saccharogenie activity is a measure of the reducing activity 
of the starch solution and is 1ndependant of the nature of 
the 1,4-glucosidic linkages, while the iodine color reaction 
by which the dextr1nogenie activity is measured is mainly 
concerned with the peripheral 1,4-glucosidio linkages. 
Amylase hydrolyzes only the 1,4-gluoosidio groups adjacent 
to the terminal groups. 
Bernfeld (1948), Muus (1953, 1954), and Mutzbauer and 
Shulz (1965), described various chemical and physical proper-
ties of human salivary alpha amylase. The enzyme lost 15 
percent of its activity on dialyzing for several days at 2 
degrees against an aqueous solution containing NH40H, but 
this inactivation was reversible upon addition of O.OlM 
sodium chloride. Reactivation was due to chloride ion which 
was more effective than Br-, No3-, or I- (in decreasing 
order of effeotivity). The enzyme suffered no loss of ac-
tivity over a period of 12 hours within the pH range of 
4.5-11, but decreased in activity after this time. The 
ratio of saccharifying to dextr1n1zing power was 9.5: 
0.2, which was identical with the value obtained for pan-
creatic alpha-amylase. 
Bernfeld et al. (1950) found that preparations of human 
6 
pancreatic alpha-amylase were identical with those of sali-
vary alpha-amylase. Comparisons of the enzyme from hog 
pancreas showed differences, leading to the conclusions that, 
as with catalase, it was the speo1es, and not the organ, 
which determined the structure of animal amylases. 
Malaoinski and Rutter (1969) reported isolating three 
variants of the enzyme from the rabbit pancreas, and another 
single amylase from the parotid gland. More work is being 
done on this now. 
Myrback and Svanborg (1953) found that hydrolysis of 
starch by salivary amylase yielded about 73 percent maltose, 
whereas about 15 percent appeared as nonfermentable dextrins. 
No correlation was found between the inhibition of the en-
zyme by maltose or glucose and the formation of dextrins. 
Fosdick and Rapp (1944) studied the effect of amylo-
lyt1o enzymes on aoid formation. In general, the salivary 
samples that contained the largest amount of amylase formed 
aoid the fastest. It was also found that pancreatic amylase 
stimulates acid production. 
Turner and Crowell (1952) stated that the temperature 
was very important in estimating the amylolyt1c activity, 
hydrolyzing and dextr1n1zing time, and that 1t may preclude 
the comparison of the results of different workers if their 
tests were carried out at different temperatures. 
7 
Schneyer (1952) observed that the presence o:r an ac-
tivating salt is required for amylase activity to be present 
at all. He also found that certain salts increas:ed the 
resistance to thermal denaturation and that the r:ate of 
increase of amylase activity with an increase in temperature, 
up to a certain point, depended upon salt concent.ration. 
Ninomiya (1940) found that salt-free salivary amylase 
is not active. In dialyzed saliva, precipitates .appear 
simultaneously with the loss of diastatic activity. On the 
addition of salt, the precipitate redissolves and the enzyme 
activity returns. When various sodium salts are added to 
dialyzed saliva, the greatest solubility of the amylase and 
its maximum activity are obtained with O.OSM sodium chloride. 
The actual separation of amylolytic components from 
whole saliva has been described by several investigators. 
Millin and Smith (1962) reported the separation of three 
distinct amylases from unstimulated whole saliva by a com-
bination of gel filtration and chromatography on calcium 
phosphate gel columns. Norby (1964) employed agar gel elec-
trophoresis to separate two, three, or more zones of amylo-
lytic activity from whole saliva. 
Muus and Vnenchak (1964) separated an ultra~centrifuged 
preparation of the purified amylase into four fractions by 
disc electrophoresis on acrylam1de gel. 
8 
Aw (1966) found that extracts of parot1d, submaxillary, 
and subl1ngual gland tissues from autopsied individuals 
showed single zones of amylolyt1c activity, comparable in 
migration rates to whole saliva amylase when subjected to 
cellulose acetate-strip electrophoresis. 
CHAPTER III 
METHODS AND MATERIALS 
9 
At first, one might expect sodium chloride and potas-
sium chloride to cause identical reactions. It has been 
noted that certain anions, optimally Cl-, are required to 
activate amylase after dialysis, and that saliva unlike the 
intestinal milieu and extracellular fluid is rich in po-
tassium relative to sodium. Therefore it is necessary to 
investigate the effects potasa ium and. sodium ions have on 
enzym1o activity so that these findings can then be interpreted 
and applied "in vivo". 
Determination of an assay method presented the first 
problem. To measure amylolytio activity, a dinitrosalioylio 
acid method was decided upon. Sumner (1921) introduced 
J,5-dinitrosalicylic acid reagent for the colorimetric de-
termination of reducing sugars. The suggested colorimetric 
response results from the conversion of J,5-dinitrosalicylate 
to J-amino-5-nitrosalicylate. 
Reaction: 
OU 
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The red color produced by this reduction reaction is 
quantitated at 520 to 530 millim1crons and is reportedly 
stable for at least 24 hours. The d1nitrosal1cylic acid 
reaction appears well suited for amylase assay, since the 
amount of color developed is proportional to the actual 
number of reducing groups generated. Thus, cleavage of 
each glucos1dio bond will yield the same increase in colbr 
intensity, irrespective of the molecular size of the products 
formed •. Protein does not interfere with the dinitrosali-
cylic acid reaction. 
The activity of amylase diminishes with time, becoming 
" 
less effective after 12 hours. There~ore what we looked 
for in our experimentation was not a daily duplication of 
enzymic activities but rather a trend relating enzymic ac-
tivity to salt concentration, and a comparison of how the 
values progressed or declined with respect to each other. 
The amylase assay procedure used in this study was a 
modification of the method of Bernfeld (1951). The method 
used differed from that of Bernfeld as follows: (1) In-
cubation was performed at room temperature instead of twenty 
degrees centigrade as a matter of convenience. (2) Samples 
for spectrophotometric analysis were diluted 1:8 instead of 
1:5 to reduce the total amount of light energy absorbed. 
(3) The one percent soluble starch solution contained no 
11 
sodium phosphate buffer or NaCl because both sodium and 
chloride were experlmental parameters. (4) Lactose was used 
as standard instead of maltose. 
The salivary amylase was prepared from whole mixed 
saliva in order to duplicate oral conditions more closely 
than if we had used parot1d saliva. The collected samples 
represented unstimulated saliva, and saliva stimulated with 
paraffin. The latter was grouped into the first 5 ml. col-
lected, the second 40 ml. collected, and the last 5 ml. 
collected. This would determine if the enzyme varied as it 
was secreted. All samples we.re centrifuged (1900Xg for 
20 minutes, Model HN-S, International Equipment Co., Needham 
Heights, Mass., Head Cat. No. 815). The supernatant was then 
dialyzed for 72 hours at 4 degrees centigrade against four 
changes of water which was de-ionized (Barnstead. 05041 Mixed 
Resin Cartridge, Scientific Products, Evanston, Ill.), then 
distilled from a Corning AG-1b still. This water was also 
used, when appropriate, throughout the experimental proce-
dure. Before use, dialysis bags (Flat diameter 44mm, Visking 
Co., Division of Union Carbide Corp.,), were soaked 1n this 
water. The enzyme dialyzate was then diluted with de-ionized, 
distilled water 1:500. The enzyme solution was then ready 
for use. 
The color reagent was made by dissolving one hundred 
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milligrams of J,5-dinitrosalicylic acid in 20 ml. of 2N 
NaOH and 50 ml. or water. Thirty grams of sodium-potassium 
tartrate (Rochelle salt) was added, and the solution was 
diluted to 100 ml. with water. 
A standard curve relating lactose concentration to the 
color reaction was obtained by reacting 1 ml. samples of 
aqueous lactose solutions in concentrations 0.1 to 1.0 mg/ml, 
with 2 ml. of J,5-dinitrosal1cylic acid, in duplicate. These 
were heated tor 5 minutes ln a bolling water bath, cooled 
immediately ln running tap water, and 10 ml. of de-ionized, 
distilled water was added prior to reading at 540 milli-
• 
microns on the spectrophotometer (Coleman Junior II, Model 
6/20, t" X 4" ouvettes). The results are summarized 1n the 
following standard curve (Figure 1) from the data in Table 
I (appendix). 
The assay for amylase activity was performed in dupli-
cate with the enzyme dissolved in solution containing these 
five oonoentratlons of sodium chloride and potassium chloride; 
O.OOOJM, O.OOJM, O.OJM, O.JM, and J.OM. The salt solutions 
were prepared as follows. A small beaker was brought to 
tare on an analytical balance (Mettler H10, Mettler Inst. 
Corp.) and 0.3 times the molecular weight of sodium chloride 
or 17.535 grams was added to the beaker. To assure a true 
dry weight, th1s amount was then placed ln a drying oven 
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(Precision Theloo Model 18) for 10 minutes, then removed 
and allowed to cool for 20 minutes before re-weighing. The 
salt was quantitatively transferred to a 100 ml. volumetric 
flask and dissolved in de-ionized, distilled water: a JM 
solution resulted. Aliquots of this JM solution were used 
to make the other four concentrations. 
This same procedure was followed for potassium chloride 
except 22.J68 grams (O.J times 74.56 mol. wt.) was added to 
the beaker, dried, re-weighed to assure that the sample was 
dry prior to adding the water and diluting to volume. 
Upon drying the KCl, a weight loss was noted as follows: 
• 
0.646 gms. was evaporated with the first drying, 0.018 gms. 
was evaporated with the second drying. The total weight loss 
through evaporation was o.664, or 2.97%. 
Moisture was significant in the KCl but was negligible 
in the NaCl. Some previous tests had been performed on 
the salt solutions weighed without drying but results from 
these tests were not used in the study other than for the 
development of the technique. 
As a method of checking accuracy and activity of the 
reagents on a day to day basis, tests were run simultaneously 
on four additional sets of tubes. In the first set of tubes 
O.JM lactose solution was used to compare the daily results 
with the standard curve established. The second set of tubes 
15 
contained 1 ml. of starch, 2 ml. H2o, and 2 ml. DNSal. This 
was used as the reagent blank. The third set of tubes con-
tained ) ml. H2o and 2 ml. DNSal. The fourth set of tubes 
contained 1 ml. enzyme, 1 ml. starch, 1 ml. H2o, and 2 ml. 
DNSal. This latter tube determined the residual activity, 
if any of the salivary amylase after dialysis. In none of 
the daily assays did the four sets of tubes show any appre-
ciable over-all variation attributable to technical errors 
or changes in reagent. 
The pH of the 1% starch solution and the enzyme solution 
was cheeked on the pH meter (Model 10 Corning Soientif ic 
Inst. Co.). The enzyme pH was 6.4, and the starch pH was 
about 6.6. ·The enzyme, starch, and lactose solutions were 
kept refrigerated when not being used but all assays were 
performed at room temperature. 
Hog pancreatic amylase was used because no human pan-
creatic amylase was commercially available. This was pur-
chased from Worthington Biochemical Corporation, Freehold, 
New Jersey. A solution was prepared by diluting it 1:1000 
and then dialyzing for 4 days 1n the manner described above. 
This was diluted again 1:500 after preliminary trials, to 
reach a dilution which could be compared with the salivary 
amylolyt1c enzyme. 
The basic protocol for the experiment had fourteen 
16 
duplicate sets of test tubes. Table II on page 17 shows 
the various volumes and combinations used in the experimental 
protocol. 
In the experiment, the enzyme was always added last. 
This completed the ingredients and started the reaction. 
The solution was immediately and thoroughly mixed and allow-
ed to stand for 12 minutes. At the end of 12 minutes, 2 ml. 
of DNSal color reagent was added to each test tube thus 
stopping the reaction. A routine was established whereby 
1 ml. of the enzyme was added every JO seconds, mixed and 
placed back in the rack. With a total of 11 pairs, there 
• 
was a minute leeway before the addition of DNSal to the 
initial tube. It will be noted that numbers 1, 2, and J, 
required no timing. 
All of the above solutions were simultaneously placed 
in a boiling water bath at 100 degrees centigrade for ex-
actly 5 minutes and then chilled by immediate immersion in 
cold running tap water. To eaoh tube, 8 ml. distilled water 
was now added so the absorbance could be read on the spec-
trophotometer. The spectrophotometer was zeroed with the 
reference cuvette using distilled water. The reference was 
checked periodically during the reading of the experimental 
tubes. The results are recorded in Tables III and IV of the 
appendix. 
TABLE II 
VOLUMES AND COMBINATIONS USED IN THE 
EXPERIMENTAL PROTOCOL 
TUBE ENZYME SALT STARCH LACTOSE HaO DNSal 
1 0 0 0 1 ml. 2 ml. 2 ml, 
2 0 0 1 ml, 0 2 ml. 2 ml. 
J 0 0 0 0 3 ml. 2 ml. 
4 1 ml. 0 1 ml.· Q 1 ml. 2 ml. 
0.0003 
5 1 ml. NaCl 1 ml. Q 0 2 ml. 
0.063 
6 1 ml. NaCl 1 ml, 0 0 2 ml. 
O.OJ 
7 1 ml. NaCl 1 ml. 0 0 2 ml. 
O,JM 
8 1 ml. NaCl 1 ml. 0 0 2 ml, ).OM 
9 1 ml. NaCl 1 ml, 0 0 2 ml. 
0.0003 
10 1 ml. KCl 1 ml. 0 0 2 ml. 
0.003 
11 1 ml. KCl 1 ml. 0 0 2 ml. 
0,0J 
12 1 ml. I\cl 1 ml. 0 0 2ml, 
O.JM 
13 1 ml. KCl 1 ml, 0 0 2 ml. 
J.OM 
14 1 ml. KCl 1 ml. 0 0 2 ml. 
17 
CHAPTER IV 
RESULTS 
.18 
The results of all tests run are shown in Tables III 
and IV of the appendix. For purposes of comparison, the 
findings were separated into 2 groups. Group 1 consisted 
of the results of the assay using salivary enzyme. Group 2 
consisted of the results using pancreatic enzyme. In both 
groups the controls were included with each experiment. The 
protocol for the experiment 1s shown 1n Table II and may be 
referred to. 
A total of sixteen assays using salivary enzyme was 
performed to obtain results for Group 1. In order to estab-
lish a trend, and for comparisons of the two groups, the 
reagent blank (Tubes #2, Table II) was averaged for each 
day and this average served as zero for that day. According-
ly, this average was subtracted from the average of each 
pair of values. In this way an average was then determined 
for each concentration of the 2 salts. These values are 
referred to as units of activity. 
Two significant points were established with the sali-
vary enzyme. The average number of units of activity of 
O.OOOJM KCl was 205, compared with 135 units of activity 
of O.OOOJM NaCl. This tells us that this concentration of 
K+ activated approximately 32)~ more units of activity than 
.19 
Na+ of this concentration. A second s1gn1f1cant point 
showed the J.OM concentrations of each salt, 1nh1b1t1ng 
amylase activity, but the differences are not sufficient 
to draw conclusions. 
Using pancreatic amylase, K+ again showed more activity 
at O.OOOJM concentration, activating approximately 30% more 
units, 239:168. Higher concentrations of salts in pancreatic 
amylase did not reveal diminishing activity. 
At concentrations wh1oh were at or near optimal for 
amylase activity there appeared to be no significant differ-
enoe between the two salts. 
Table V of the appendix shows a summary of the analy-
t 1cal data. Figures 2 and J of the appendix show curves 
of the effects of the salt concentrations on activity of 
salivary and pancreatic amylase. 
CHAPTER V 
DISCUSSION AND CONCLUSIONS 
·20 
Turning for a moment to the first chapter of this report, 
it will be remembered that an important aspect of this study 
was the development of a method of investigation. The pro-
tocol described 1n Chapter III illustrates a method which 
has proven to be feasible for measuring the effects of 
varied salt concentrations on amylolytic enzymic activity. 
From this investigation questions arise which must be 
answered by further research •• Are there natural inhibitors 
of alpha-amylase in saliva? If so, can they be stimulated 
or inhibited? Is salivary amylase actually related to the 
car1ogen1c or car1ostatio process? Only for a continuing 
quest for new ideas can knowledge in any field progress. 
Utilizing this method, other parameters can be inves-
tigated. There may be variations of the cation, 1.e., KCl 
vs. NaCl, NH4c1, L1Cl, and MgC12• The buffer could be a 
variable by eliminating the buffer as in the present case, 
or by using buffers such as phosphates, tris, and citrates. 
PH could be varied to study the effects of pH present in 
the stomach. The substrate could be varied using other 
starches, looking for inhibitor characteristics as well as 
substrate affinity. Are the d1saochar1des equally effective 
. 21 
as 1nh1b1tors us1ng both salt systems? The anions could be 
varied using the other 3 halogens, Br-, r-, and F-, with 
the various cations. 
The salts could be varied using calcium and magnesium 
salts, looking for potentiat1on and inhibition. The enzyme 
source could also be varied using serum and urinary amylase. 
Denaturation and stability studies could be performed in the 
presence of various salts. This study has merely opened 
the door for future studies. 
From the results obtained, it oan be concluded that 
K+ potentiates more units of activity at very low concentra-
• 
tions than does Na+. To draw more conclusions on comparisons 
of the other concentrations would not be valid in that the 
differences in values obtained at other salt concentrations 
are probably within experimental error. It can be safely 
concluded that at higher concentrations both salts show 
inhibition. 
The presence of other enzymes in the salivary amylase 
is not determined with the present method of assaY.• 
Did the fact that the results from day to day did not 
duplicate themselves, destroy the validity of the study? No. 
As the protocol for the assay was established, both salts 
and the controls were compared in each experiment run, to-
tally independant of the actual values obtained the fol-
lowing day. The decreasing activity of the enzyme, therefore 
' 22 
presented no significant factor. 
The study compared hog pancreatic amylase and crude 
human salivary amylase. Although a species variation exists, 
the study was mainly concerned with comparing amylolytic 
activity from differing sources. 
In the original statement of the problem 1t was men-
tioned that the K+ concentration was relatively high and 
Na+ concentration relatively low in relationship with other 
extracellular fluids. The average values shown are 78 mg/100ml 
for K+, and 57.3 :mg/100ml for Na+. This would place it 1n 
the range between 0.03M and 0 1 3M, and therefore the results 
obtained in this study can possibly be applied in the oral 
cavity. The greatest effects would occur on carbohydrates 
that are not immediately swallowed and remain on and around 
tooth structure. 
CHAPTER VI 
SUMMARY 
23 
The purpose of this study was to investigate the effects 
potassium and sodium ions had on salivary and pancreatic 
amylase. The experimental procedures were designed to 
demonstrate any possible relation between the cations and 
the activity of the enzymes. Due to a minimum of information 
in the literature regarding a specific method of investigation, 
the development of such a method was initially necessary. 
Chapter III described this method of investigation in which 
S different concentrations of 2 different salts were studied 
as to their effect on starch hydrolysis. Each reaction was 
allowed 12 minutes incubation before the addition of a color 
reagent. This mixture was boiled in a water bath for 5 
minutes, then cooled under oold running tap water. Distilled 
water was added and the solution was read in a spectropho-
tometer. Relationships were established on the basis of each 
individual test. 
The following conclusions seem to be justified on the 
basis of the results of this study: 
1. K+ caused greater reaction at low concentrations 
for both salivary and pancreatic amylases. 
2. + + High concentrations of both K and Na cause a 
·~ 
decreased response in salivary amylase, but not in 
pancreatic amylase. 
J. Pancreatic a.mylolyt1o activity increases at a much 
slower rate than salivary amylolyt1o activity. 
The major point made by this study was the fact that 
two very similar salts do not produce identical results in 
the potentiation of amylolytio activity. 
. 25 
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APPENDIX 
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TABLE I 
STANDARD CURVE FOR LACTOSE 
(FIGURE 1) 
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Transmission at 540 millimicrons 
0.104 0.108 0.110 0.109 0.102 0.108 
0.279 0.276 0.295 0.297 0.296 0.301 
o.488 0.496 0.502 0.500 o.4ao o.499 
• 
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SALIVARY AMYLASE 
TABLE III 
ACTUAL ANALYTICAL DATA 
TUBE A B A B A B A B 
1 0.265 0.282 0.290 0.280 0.299 0.290 ·0.282 0.290 
2 0.132 0.135 0.145 0.135 0.140 0.134 0.142 0.138 
3 0.091 0.085 0.090 0.098 0.091 0.093 0.098 0.097 
4 0.148 0.150 0.144 0.160 0.139 0.140 0.149 0.155 
5 0.191 0.193 0.178 o. U30 0.142 0.142 0.130 0.142 
6 0.305 0.340 0.292 0.222 0.161 0.170 0.142 0.145 
• 7 0.399 O.J79 0.390 0.405 0.236 0.235 0.160 0.158 
8 o.435 o.437 o.420 o.448 0.200 0.209 0.141 0.149 
9 0.380 0.375 o.420 o.425 0.264 0.180 0.148 0.145 
10 0.178 0.175 0.170 0.182 0.136 0.149 0.132 0.135 
11 0.288 0.290 0.299 0.289 0.163 0.170 0.142 0.142 
12 0.328 0.325 o.4oo 0.399 0.250 0.250 0.161 0.168 
13 o.431 0.382 0.500 0.459 0.230 0.250 0.172 0.172 
14 o.490 o.4Jo 0.515 0.550 0.228 0.226 0.179 0.178 
DATE 2-19-70 2-19-70 2-22-70 2-22-70 
SALIVA 2-19-70 2-19-70 2-19-70 2-19-70 
STARCH 2-12-70 2-12-70 2-22-70 2-22-70 
TUBE A B 
1 0.299 0.298 
2 0.149 0.149 
0.096 0.097 
4 0.206 0.220 
s o.419 o.431 
6 o.481 o.499 
7 0.509 0.530 
8 o.48o o.46o 
9 o.482 o.465 
10 o.445 o.4~1 
11 0.520 0.510 
SALIVARY AMYLASE 
TABLE III. (Continued) 
ACTUAL ANALYTICAL DATA 
A B A 
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B A B 
O.JOO 0.301 0.)01 0.298 0.309 0.310 
0.150 0.148 0.165 0.159 0.160 0.155 
0.096 0.098 0.099 0.098 0.102 0.100 
0.208 0.222 0.181 0.186 0.190 0.189 
o.409 o.418 0.279 0.280 0.290 0.282 
o.461 0.500 0.339 0.342 0.372 0.381 
0.510 0.515 0.391 o.401 o.420 o.429 
o.472 o.469 0.362 0.372 o.403 o.406 
o.420 o.479 0.342 0.355 0.190 0.380 
o.436 o.425 0.282 0.289 0.294 0.300 
o.498 0.500 0.364 0.352 0.360 O.JZS 
0.51~ 0.529 o.;95 o.4oo o.433 o.4;8 
__ 13 ______ 0~.5~6_2_0~·~5~1~8~~0~.5_3~2~0.~4_8_8~~0~·~39~0---0~.3~8-5~~0~.~20 o.422 
.J.4 O~B:JO 0.395 0.)95 O.,l20 0.289 0.300 O.JJ2 O.J55 
DATE 2-26-70 
SALIVA 2-26-70 
STARCH 2-22-70 
2-26-70 
2-26-70 
2-22-70 
3-2-70 
2-26-70 
2-27-70 
3-4-70 
2-26-70 
2-27-70 
SALIVARY AMYLASE 
TABLE III. (Continued) 
ACTUAL ANALYTICAL DATA 
TUBE A B A B A B 
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A B 
1 0._108 0.)05 O.J06 .O.J10 0.297 0.292 0.297 0.299 
_?. o. 16 s o .151 o .159 o .161 ____ o.... 1 ..... z ..... 2_0~·~1 ..... z __ s _ ...... o...... 1 .... 1 ...... 2_0.._ .... 1 .... z..... s _ 
__l_ 0.099 0.028 0.100 0.098 0.101 0.105 0.101 0.105 
__ 4 0.188 0.122 - 0.189 0.182 0.238 0.230 0.228 0.220 
. 5 0.268.,0.260 oh2L1 o.~48 o.439 o.445 0.375 0.369 
6 0.365 0.359 0.350 Q. __ 26;;...-.2~0...:..2.60 0.948 o.z2s o.z4o 
~'~-o~._4_1_0~0_.4_1_5~_0_._39~s~o_.4_2_0~-·o-.9~6_5~0.~9_8_0~_0_.z_2~2_0_.~z~9~1-
s O.J95 0.400 0.390 0.394 1.100 1.150 0.742 0.755 
9 o.38.5.. 0.379 0.380 0.375 0.860 o.szo 0.712 o.z12 
10 0.201 o.2z9 0.270 0.224 0.713 0.710 0.631 0.615 
11 0.360 0.368 0.355 o.;64 1.090 1.120 o.zz5 0.788 
12 o.443 o.445 o.438 o.44o 1.050 1.050 0.800 0.802 
lJ o.415 o.4oo o.408 o.412 1.100 1.150 0.785 0.750 
14 0.325 0.307 o.;35 0.328 o.899 0.900 o.6J8 o.64o 
DATE '.3-5-70 
SALIVA 2-26-70 
STARCH 2-27-70 
3-5-70 
2-26-70 
2-27-70 
3-10-70 
:3-10-70 
2-27-70 
3-10-70 
3-10-70 
2-27-70 
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SALIVARY AMYLASE 
TABLE III.(Continued) 
ACTUAL ANALYTICAL DATA 
TUBE A B A B A B A B 
1 0.297 0.299 0.274 0.285 0.274 0.285, 0.274 0.285 
2 0.172 0.178 0.162 0.174 0.162 0.174 0.162 0.174 
- 2 0.101 o.1os 0.110 0.102 0.110 0.102 0.110 0.109 
4 0.224 0.220 0.224 0.210 0.215 0.202 0.208 0.218 
. 5 o.431 o.425 O.J22 0.)28 0.232 0.240 O.JOO O.J10 
6 o.688 0.680 0.625 0.629 o.439 o.445. o.482 o.469 
7 0.800 0.220 0.620 0.678 o.488 0.501 o.489 o.497 
8 o.889 o.895 0.695 0.699 o.493 0.510 0.525 0.518 
. 2 0.790 0.780 0.615 0.610 o.475 o.469 o.470 o.482 
10 
-
o.685 0.680 o.455 o.461 0.324 0.375 o.430 o.4J5 
11 0.850 0.842 0.680 0.678 o.482 o.482 0.589 0.574 
12 0 !..~5. 0. 860 o.688 0.671 0.520 0.522 0.601 0.590 
.. 1~ 0.804 0.810 o.642 0.650 0.522 0.538 0.585 0.589 
14 0.802 0.790 o. 590 Q. 528 o.469 o.4Q3 0.572 0.560 
DATE 3-10-70 J-12-70 3-12-70 3-12-70 
SALIVA 3-10-70 3-10-70 J-10-70 J-10-70 
STARCH 2-27-70 2-27-70 2-27-70 2-27-70 
TUBE 
1 
2 
J 
4 
s 
6 
z 
8 
9 
10 
11 
12 
12 
14 
DATE 
AMYLASE 
STARCH 
PANCREATIC AMYLASE 
TABLE IV 
ACTUAL ANALYTICAL DATA 
A B A B 
o. 2Z.i o!_.?80 0.262 0.285 
0.128 0.124 0.151 0.162 
0.101 0.100 0.100 0.028 
o.24z 0.261 0.260 0.242 
0.442 0.222 o.~4~ 0.)10 
o.461 o.452 o.422 o.4J8 
0.510 0.500 o.4z8 o.4£2 
0.550 0.560 o.482 0.502 
0.635 0.625 o. 535 o. 532 
o.42J o.4z.i o.410 o.414 
0.505 0.510 o.420 o.420 
o. 515 o. 520 0.500 0.501 
0.525 0.520 o. 510 o. 525 
0.540 0.551 o. 515_<1. s;o 
J-15-70 3-17-70 
. J6 
A B 
0 .• 222 O.JOO 
0.158 0.149 
0.022 0.101 
0.2J4 0.225 
o.~01 O.J12 
o.J80 o.22s 
o.402 o.402 
o.410 o.415 
o.481 o.468 
a 
o.2so 0.284 
o.410 o.422 
0.428 0.4JO 
o.448 o.441 
o.445 o.450 
3-19-'(0 
WORTHINGTON BIOCHEMICAL CO. DILUTION 1:1,000,000 
3-15-70 .3-15-70 J-15-70 
TUBE 
1 
2 
J 
-~· 
5 
6 
7 
8 
9 
_!Q___ 
11 
-
_!2 
...!J 
14 
DATE 
AMYLASE 
STARCH 
PANCREATIC AMYLASE 
TABLE IV. (Continued) 
ACTUAL ANALYTICAL DATA 
A B A B 
0.266 0.271 o.2z8 0.278 
0.148 0.140 0.139 0.146 
0.028 0.022 0.021 0.028 
0.255 0.240 0.238 0.241 
0.220 0.282 o. 275 o. 281 
O.J85 0.372 0.369 O.J48 
o.32s o.4oo 0.382 0.379 
o.412 o.41J o.4oo o.402 
o.470 o.485 o.448 o.44o 
0.260 0.348 0.348 0.326 
o.408 o.415 O.J92 0.400 
q.418 o.425 o.410 o.418 
o.44o o.428 o.4J1 o.422 
o.445 o.444 o.438 o.439 
3-23-70 3-24-70 
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A B 
0.282 0.280 
0.156 0.150 
0.026 0.100 
0.249 0.227 
0.262 0.271 
0.355 0.360 
0.380 O.J80 
O.J28 0.410 
o.450 o.428 
0.334 0.341 
O.J80 0.411 
o.41~ o.410 
o.428 o.4:20 
o.432 o.44Q_ 
3-24-70 
WORTHINGTON BIOCHEMICAL CO. DILUTION 1:1,000,000 
3-15-70 J-15-70 3-15-70 
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TABLE V 
SUMMARY OF ANALYTICAL DATA 
TUBE SALIVARY AVERAGES PANCREATIC AVERAGES --- .,_ _ 
1 0.150 0.150 
2 o.ooo o.ooo 
J o.02s 0.028 
4 O.OJ6 o.02z 
s 0.125· 0.168 
6 0.282 0.242 
7 0~339 0.278 
8 O.JJ8 0.201 
9 0.307 0.354 
10 0.205 0.232 
11 O.J1J 0.220 
12 O.J54 O.~OJ 
12 O.JSZ O.J18 
14 O.JOS 0.226 
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